












































































































high technology manufacturing, and traditional manufacturing. The high technology manufacturing sector 
consists of ni differentiated products, where i = A,B refers to the country. Thus, we employ the 
expanding product diversity model presented above, modified to include a traditional sector and an 
additional factor of production (human capital). Perfect international knowledge transmission is assumed. 

The key insight here is that R&D and high technology can be viewed as a composite activity in 
free trade equilibrium with factor price equalization so .that the dynamic two-country model with 
endogenous growth is equivalent in the steady state to a static two-sector' two-country model with 
increasing returns. This implies that the usual trade theorems apply to trade between two large economies 
even in the dynamic setting elucidated above. 

Viewing R&D and high technology manufacturing as a composite activity, the steady state 
equilibrium with factor price equalization is equivalent to a static equilibrium under the factor proportions 
theory. In such a steady state equilibrium, rates of innovation are identical across countries; otherwise, 
the share of differentiated products in one country would tend to zero and so negligible resources would 
be devoted to R&D there. The human capital abundant country conducts more R&D than its partner, 
compared to output of the traditional manufactured goo4. It produces a wider range of differentiated 
products as well, so total output of differentiated products is greater in this country. 

We can now describe _the long-run pattern of international trade for these two economies. Each 
country is assumed to make unique brands so there is intra-industry trade. Households have a preference 
for increased product variety but firms must bear fixed costs to supply each additional variety. Static 
models have fixed costs as a component of total production costs; here, there are up-front costs associated 
with R&D. 

If financial assets are not traded internationally, trade must balance at all times. Then, making 
some standard assumptions regarding consumer preferences (identical and homothetic preferences), the 
standard predictions from static trade theory hold here as well. The human capital abundant country will 
be a net exporter of high technology goods and an importer of traditional goods. The labor abundant 
country wiH be a net importer of high technology goods and an exporter of traditional goods. 

If financial assets are traded internationally, then trade need not balance at .each moment though 
it must balance in a present value sense. Thus, a trade deficit may be balanced by a services surplus.73 

The human capital abundant country will still have a higher import share for traditional goods than for 
high technology goods even if it imports both on net. Alternatively, if the labor abundant country 
imports.both goods in equilibrium, its net import share for high technology goods will exceed its import 
share for traditional goods. 

In the steady state equilibrium with free trade, real output and GDP growth are higher for the 
human capital abundant country than for the labor abundant country. However, consumption possibilities 
are the same for the two countries so the ·labor abundant country is as well off as the human capital 
abundant country under a free trade regime. The human capital abundant country conducts more R&D 
and produces more high technology goods, relative to production of traditional manufactured goods, than 
the labor abundant country. This results from differences in factor endowments. The human capital 
abundant country has a higher innovation rate in the free trade equilibrium and so it also has a higher rate 
of real output growth, since the steady state rate of output growth is a scalar multiple of the steady state 
rate of innovation. In addition, GDP growth is higher in the human capital abundant country because 
the rate of output growth is higher there and, furthermore, R&D constitutes a larger share of its GDP. 

We now move to the situation where there is free international trade but not factor price 
equalization, while maintaining the assumption that knowledge spillovers occur internationally. In this 
situation, there may be incentives for manufacturers of high technology goods to move production 
offshore if cost is lower there. Alternatively, there may be incentives for firms in the labor abundant 

73 For example, consumption in the home country may exceed production if the home country can borrow from 
abroad. In this situation, the home country runs a trade deficit and finances this deficit by net sales of equity in 
its high technology firms. 
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country to imitate products developed by firms in the human capital abundant country. A firm in the 
human capital abundant country may choose to license the technology in this case. 

Turning now to the case where knowledge spillovers are strictly national, initial technological 
levels and country size are crucial determinants of the long run effect of moving from autarky to free 
trade. Only one country conducts R&D in the steady state equilibrium.74 The country with the 
technological lead initially, as measured by the number of differentiated high technology products that 
it produces, usually conducts research and produces all high technology goods in the steady state. It is 
possible for a country that is initially behind technologically to surpass the more advanced country in two 
situations. First, a less advanced country may surpass a more advanced country if it has a very large 
labor force. This corresponds to Lucas' "nuisance" scale effect. Second, a country may surpass its more 
advanced trading partner through the use of a temporary R&D subsidy. However, this policy may not 
improve the country's welfare. These results are reminiscent of Young's findings discussed above 
regarding learning-by-doing, which also assume strictly national knowledge spillovers. 

Consider an expanding product variety model with two countries (A and B), one factor (labor), 
and three sectors (R&D, high technology manufactures, and traditional manufactures). Input-output 
coefficients are all set equal to one by a suitable choice of units of measurement. Productivity of labor 
in R&D is assumed to depend on the number of previous varieties developed in the inventor's own 
country so that knowledge spillovers are strictly national in scope. In all other respects, the model is 
identical to the two-country model used above to analyze free trade for the case of international 
knowledge spillovers. 

If wage rates are equalized between countries, then both countries will produce positive amounts 
of traditional goods in the steady state. This is possible if the countries are not too different in size, as 
measured by the ratio of their labor forces, or if the share of world spending on high technology goods 
is not too large. 75 Otherwise, the wage in the more advanced country (A) exceeds the wage in the less 
advanced country (B) and only Country B produces traditional manufactures. 

To see how country size and the share of world spending on traditional goods affects steady state 
equilibrium with free trade, consider the case in which wages are equalized across countries in the steady 
state. As the size of the labor force of the less advanced country (B) is increased, holding the size of the 
advanced country's (A) labor force constant, a larger portion of traditional manufacturing will occur in 
Country B, since it specializes in this good, and the wage will fall. If Country B's labor force is 
sufficiently large, all traditional manufactures will be produced there and further increases in Country B's 
labor force will not influence Country A's wage. 

If, on the other hand, world spending on high technology goods constitutes a large share of total 
world spending, then large amounts of labor must be devoted to their production in the advanced country 
(A) and no labor is left over to produce traditional goods in Country A. In this situation, Country A will 
specialize in research and high technology manufacturing, its wage rate will exceed Country B's, and all 
traditional goods will be produced in Country B. 

Regarding transition to the steady state, the case where wages are equal at each moment is distinct 
from the case where wages are not necessarily equal at every point in time. With wage equalization, the 
country that has an initial technological lead (A) will come to occupy a larger and larger share of the 
market for high technology products, eventually supplying the entire world market. As Country A's 
share of the high technology market increases, so will its rates of innovation and growth. The interesting 

74 There exists a steady state equilibrium with positive levels of R&D in each country but it is unstable. It will 
only be obtained if initial conditions are identical to steady state values. 

15 The condition needed for both countries to have equal wage rates and produce positive amounts of traditional 
manufactures in the steady state equilibrium is as follows: 

L8/(LA + p) ::;; (1 - u)lu 
where V is the labor force of Country i (i = A,B), p is the discount rate, and <1 is the share of world spending on 
high technology manufactures. 
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feature of transition to the steady state with equal wages and strictly national knowledge spillovers is that 
the country with the initial technological lead (A) will experience accelerating rates of innovation and 
growth over time. Rates of innovation and growth in Country B will be zero at each point in rime and 
Country B will import an increasing amount of high technology products on net. However, consumers 
in Country B will be just as well off as consumers in Country A because they have full access to 
consumption and investment opportunities through international trade. 76 

Even if wages are not equal at all moments during the transition to the steady state equilibrium, 
the country with an initial technological lead (A) will eventually perform all research while the other 
country (B) will manufacture traditional goods. In the long run, Country A will exchange high 
technology goods for traditional goods, while Country B will continue to export those high technology 
goods that it was initially able to produce. If Country A's initial share of the world high technology 
market is sufficiently small, there may be an initial period of time during which there is wage 
equalization. The wage rate in Country A will be greater than the wage rate in Country B for the 
remainder of the transition path and in the steady state. Alternatively, it is possible for there to be an 
initial period during which both countries conduct R&D, with Country A innovating more rapidly during 
this initial phase. Eventually, however, Country A will come to dominate the research sector and R&D 
activity in Country B will cease. Finally, it is possible for a very large country to overtake a small 
country if the initial technological disadvantage is small, since the larger country will have a cost 
advantage in R&D and yet also have sufficient resources to satisfy demand for traditional products. 

By providing a sufficiently large R&D subsidy, it is possible to shift the location of the research 
sector away from the country that has an initial technological advantage (A) to the initially lagging 
country (B). Once Country B has obtained at least half of the world market for high technology products, 
the R&D subsidy can be discontinued. Eventually, Country B will come to dominate the market for high 
technology products and all research will be conducted there, even if the R&D subsidy is temporary. 

It is unclear, however, whether such a policy will increase welfare, even for Country B. 
Assuming that wage rates are equalized and that Country B's residents can acquire shares in Country A's 
high technology firms, a subsidy will move R&D to a less efficient location, which will harm consumers 
in both countries by reducing the stock of resources available for· manufacturing. The effect of an R&D 
subsidy on the rate of new product introduction is ambiglious. A subsidy increases production of new 
designs directly but reduces the efficiency of R&D activity. Consumers may suffer as a result of an R&D 
subsidy if the rate of new product introduction falls, since this worsens an existing distortion. 

This subsection has discussed the changes in resource allocation that result from trade 
liberalization between two large countries. For the case where knowledge spillovers are international in 
scope, long-run trade patterns reflect differences in factor endowments irrespective of which country has 

:.a larger stock of general knowledge initially. If spillovers are strictly national, the pattern of production 
.·.and trade depends on which country has a higher stock of knowledge capital initially and on country size. 

Trade and growth 

With the preceding discussion of trading patterns between two large economies as a foundation, 
we are now in a position to discuss how trade affects growth rates in each country and in the world as 
a whole. Static trade theory and open economy exogenous growth models show how moving from 
autarky to free trade may increase the level of aggregate output but not its rate of growth. A potentially 
important implication of endogenous growth theory in an international setting is that trade can lead to a 
permanent increase in the rate of output growth. It is also possible, however, for trade to lower a 
country's growth rate due to attendant changes in factor prices. 

16 If wage rates in the two countries are equalized at each moment in time, then consumers in the technologically 
less advanced country will be just as well off as consumers in the more advanced country if they are equally wealthy 
initially. Consumers in each country have access to the full range of high technology products through international 
trade in goods and have access to the full set of investment opportunities via international trade in financial assets. 
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Given this, we consider four channels through which integration of the world economy may lead 
to changes in growth. First, economic integration may enhance international dissemination of knowledge 
even in the absence of trade flows·. Second, trade may eliminate redundancy of product designs. Third, 
the possibility of trade expands the effective market size for firms in each country. Fourth, trade may 
lead to changes in resource allocation due to changes in relative factor prices. 

knowledge diffusion 

We begin by considering the ·role that international knowledge flows can play in speeding up 
growth even if commodity trade is prohibited. Implications of moving from autarky to free commodity 
trade for the pattern of production and trade have already been discussed for the cases of strictly national 
knowledge spillovers and complete international knowledge spillovers. Here, the effect of international 
knowledge diffusion is identified by assuming that commodity trade is not permitted. 

Assume there are two economies that are identical in structure to the canonical expanding 
differentiated product variety model described above, with one exception. The cost of developing a new 
product design is assumed to depend not on the country's own stock of general knowledge, as measured 
by the number of its existing differentiated products, but on both home and foreign knowledge stocks. 
This reflects the possibility that innovation in the foreign country has some spillover benefits for the home 
country as well. By comparing growth in the resulting equilibrium with growth for each country absent 
any international knowledge spillovers, the effect of international knowledge spillovers will be identified. 

Specifically, assume there are n; differentiated products in each country~. for i = ~,B. Absent 
international knowledge spillovers, the cost of developing a new product is w'/n', where w' is the wage 
rate in country i. This specification of R&D cost reflects the fact that research productivity is an 
increasing function of the stock of general knowledge, which is measured here by the number of existing 
product designs n;. From equation (35) and the discussion of a canonical expanding product variety 
model with knowledge spillovers, recall that the rates of long-run growth for the two countries are as 
follows: 

~ = (1 ::- a)LA - a p 

gB = (1 - a)LB - a p 

The larger country will grow faster in autarky absent international knowledge diffusion. 

(41) 

(42) 

International knowledge spillovers lower the cost of product development in each country. In 
general, there will be some overlap in product designs so that with international knowledge flows, the 
stock of general knowledge available to Country A is given by nA + ir n8

, where ir is the fraction of 
Country B's products that are not also produced by Country A. Similarly, Country B's knowledge stock 
is n8 + l/;8 nA. These knowledge stocks are identical since each gives the measure of unique l?roduct 
designs available worldwide. Given this, the cost of new product development in Country i is w'/(nA + 
l/;A n8

). In all other respects, the model is unchanged. from a situation of autarky. 

If we simplify by assuming that there is no overlap in the set of products manufactured by each 
country, then the long run growth rate in the world economy with open channels of communication (but 
no international trade) is as follows: 

g = (1 - a)(LA + L 8) - a p (43) 

Each country obtains the benefits from knowledge accumulated through research in either country. 
Therefore, the long run rate of growth depends upon the size of the world's labor force. Comparison 
of equations (41) and (42) with equation (43) shows that opening up international channels of 
communication increases long run growth in each country. 

If the sets of goods produced in each country overlap in the absence of international knowledge 
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flows and trade, then the long run growth rate is correspondingly reduced. The (common) rate of 
innovation in each country, with communication flows but not trade, is given by the following expression: 

(44) 

Here, the increase in growth obtained by opening international channels of communication depends on 
the 'degree of overlap in the set of goods produced in each country. If the degree of overlap is great, the 
i~~rease in growth will be small because the two countries have little to learn from one another. 

duplication of research effort 

Suppose now that the world economy described above is opened up to international trade. If 
there is no overlap in the set of goods produced by the two countries, it is apparent that an integrated 
world economy satisfies all of the same equations as each closed economy except that the stock of labor 
is the sum of labor stocks for each country, LA + L 8 • Therefore, the long run growth rate for the 
integrated world economy is given by equation (43). Thus, there will be no increase in growth as a result 
of trade in commodities if the sets of products manufactured in each country (absent trade) are disjoint 
and if trade is introduced into a world economy in which international knowledge spillovers are already 
present. 

If there is some overlap in the set of products prior to trade, the effect of international trade will 
· be to eliminate this redundancy. It makes no sense for firms to incur up-front product development costs 

if a foreign firm has already incurred these costs. Therefore, the long run rate of economic growth will 
increase _in each country, from the rate given in equation (44) to that given in equation (43). 

. . Even if overlap is absent and thus trade has no effect on growth, the usual static gains from trade 
are still present. Consumers are now able to purchase the full range of differentiated products, rather 
than just' domestically produced varieties, so their utility increases. In this case, international trade will 
have level effects but not growth effects. 

· expansion of market size 

Trade opens up the effective size of the market for producers. This has two potentially offsetting 
effects on firm profits. First, producers can now sell to the entire world market so that there is a 
tendency for profits to rise for each firm. Second, home firms must now compete with foreign firms and 
this tends to reduce each firm's profits. The net effect of enlargement in market size is unclear. 

Expansion of market size due to trade will not affect profits per firm if both countries innovate 
at the ·same rate, given the model we have just considered. In this model, the market share of brands 
unique to Country A is equal to Country A's share of total world expenditure. While firms in Country 
A must compete with additional total sales of n8p8 x8 by n8 additional producers due to trade, total 
spending on high technology products also increases by E8 = n8p8x8

. Since all firms in each country are 
of equal size (xi) in equilibrium, profits per firm will not change as a result of trade .. The increase in 
market size due to the opening of trade will not influence rates of innovation and growth in this model 
because incentives for investment in new product development are unchanged. 

In general, however, expansion of market size due to trade may alter incentives to innovate. As 
we have seen, there is a tendency for the initially more advanced country to take over the entire market 
for high technology products if knowledge spillovers are strictly national in scope. 

To distinguish the effects of market size from intersectoral factor reallocation, we briefly discuss 
t:J:_te effects of market size in a model with only one manufacturing sector. This is accomplished by 
cc;msidering a two-country world, where each economy is identical in structure to the canonical expanding 
differentiated product variety model described above, and with strictly national knowledge spillovers. 
Th~t is, the cost of developing a new product design depends only on the individual country's stock of 
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general knowledge, the latter being measured by the existing number of differentiated products. 

In autarky, the larger country will have a higher long run growth rate. Given national spillovers, 
the larger country will come to dominate the market for high technology products since it has an initial 
technological lead. During at least the final stages of the transition to the steady state, the larg~r country 
will have a higher rate of innovation than its rate of innovation in autarky. Once it captures the entire . 
high technology market, the rate of innovation subsides to a level equal to the larger country's autarky 
rate and stays there. For the smaller country, its share of the high technology market tends to zero. The 
smaller country's long run rate of innovation is positive but lower than its rate of innovation in autarky. 
Therefore, expansion of market size can influence the pattern of production and trade even if intersecioral 
factor reallocation effects of trade are absent. 

While trade slows innovation in the smaller country, welfare of this country may either rise or 
fall as a result of trade .. Trade tends to reduce welfare for this country because it reallocates r:esources 
away from research and toward manufacturing, thereby worsening an existing distortion. Offsetting.these 
welfare losses are static gains to consumers from access to increased product variety through trade and 
dynamic gains from an increase in the worldwide rate of innovation. The net effect of trade on welfare. 
of the smaller country is unclear. 

factor movements between sectors 

In addition to the other effects of international integration of two large economies on growth, 
trade may lead to movements of factors between manufacturing sectors through induced changes in factor 
rewards. We have already seen how this can work in a small open economy. Resources will move into 
the sector whose price has increased as a result of trade. By the Stolper-Samuelson theorem, the factor. 
used intensively in this sector will see its relative reward increase. If the factor whose relative pri((e.falls.· 
as a result of trade happens to be human capital; which is used intensively in R&D, then trade will.spur. 
innovation and growth. 

To see how international trade between two large countries will affect growth rates, we consider 
a model with two countries (A and B), two manufacturing sectors (traditional goods, Z, and higµ·. 
technology goods, Y), two factors (labor, L and human capital, H), and international knowledge 
spil~overs. Each sector uses each factor although the traditfonal manufacturing sector is the most labor- · 
intensive and R&D is the most human capital-intensive. ·country A is assumed to be more human capital · · 
abundant than Country B. 

Given this model, we must examine how the rate of innovation and growth in the integrated world 
economy compares with autarky rates of innovation and growth for each country. As compared to 
Country B's situation in autarky, the integrated world equilibrium adds relatively more human capital th'"1 · 
labor to the stock available for research and manufacturing. If input-output coefficients are assumed 
fixed, the Rybczynski theorem applies. Moving from Country B's autarky endowments to integrateq 
world economy endowments, this will lead to an expansion of the research and high tech manufacturing 
sectors and a contraction of the traditional manufacturing sector. The reverse is true in Country A. 
Traditional manufactures expand while R&D and high technology sectors contract. 

It is thus possible for trade to reduce growth in the human capital abundant country if 
opportunities for factor substitution are low. This possibility arises because the world economy has a 
greater abundance of (unskilled) labor than Country A so that the cost of human capital rises in the 
integrated world equilibrium as compared to autarky for Country A. This raises the cost of R&D, which 
uses human capital intensively, and retards growth. 

If skilled and unskilled labor are sufficiently substitutable, then the increase in factor endowments 
which results from moving from Country A's autarky endowments to the integrated world economy's .. 
endowments will always lead to an expansion of the R&D and high technology manufacturing sectors in . 
Country A, even if this expansion is biased toward unskilled labor. In particular, increased supply of 
unskilled labor will always increase the rate of innovation if the factor substitutioi1 elasticity exceeds one 
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in both manufacturing sectors. To sum up, trade must stimulate innovation in each country if factor 
substitution possibilities are sufficiently great. · 

.. ' 

Industrial and trade policy · 

Having analyzed the polar cases of.autarky and free trade for a world economy with two large 
countries, we now consider briefly the effects of intermediate levels of openness. A nonprohibitive tariff 
may have very different effects than is revealed by a comparison of autarky with free trade. Many 
additional forms of trade barriers are also possible and these will generally differ in their effects from 
a simple tariff. Relatively little theoretical work has been done to analyze the effects of commercial 
policy in models with endogenous growth; yet this is clearly a needed step if such models are to inform 
trade policy. 

In view of the limited amount of theory in this area, we discuss the effects of tariffs on the long 
run rate of innovation in the situation where production coefficients are fixed. The assumption of fixed 
coefficients represents a severe limitation in the present context, as we have just seen. 

A policy that taxes imports and subsidizes exports of traditional manufactured goods raises the 
internal cost of such goods. This is equivalent to a subsidy to domestic production of traditional 
manufactured goods. If the country's free-trade share of the world market for high-technology 
manufacturing exceeds its share in world spending, the world rate of innovation rises following the 
imposition of a small tariff on traditional manufactures. Otherwise, the rate of innovation falls. 

By the Lerner symmetry theorem,_ a policy that taxes imports and subsidizes exports of traditional 
manufactures is equivalent to a policy that subsidizes import:S and taxes ·exports of high technology 
manufactures. Thus, the above analysis also applies to a small subsidy to imports of high technology 
products. · · · · 

THE EMPIRiCAL LITERATURE 

. ·The European Conpn~ty 

Baldwin 77 computes· the dynamic gains from the 1992 program to eliminate all barriers to trade 
and factor movements within the European Community. He distinguishes between a "medium-term 
growth bonus" due to induced capital formation.arid a "long~term growth bonus" due to induced technical 
change. Using Solow's terminology, the medium-term growth bonus is a level effect whereas the long­
term growth bonus is a growth effect. 

The medium-term growth bonus is really a temporary increase in the growth rate during the 
transition to the new steady state, at a higher level of income but with no increase in the permanent rate 
of economic growth. This comes about as EC 1992 increases the productivity of existing factor 
endowments, thereby leading to increased income, saving, and investment. The added investment yields 
more output, leading to further increases in saving and investment. This process converges at a higher 
level of output and the capital stock; growth then comes to a halt. 

.. 
Figure 4 shows the medium-term growth effect of 1992. Static gains shift the production function 

YY up to Y'Y'. Assuming that savings are proportional to income, the savings function is given by SS 
and this shifts up to S'S' due to 1992. Depreciation is as~umed to be proportional to the size of the 
capital stock and is given by DD. Prior to 1992, GDP is equal to GDP* and the capital stock is equal 
'to K*. Static gains lead to an increase in GDP.with the capital stock held fixed at K*. At this level of 

. the capital stock, savings exceed depreciation so that the capital stock rises over time. During _the 
transitional period when capital is still growing, thete is a positive level of output growth. Eventually, 
the capital stock reaches its new steady-state level, K**, at a higher level of.GDP, GDP**. Once the 

77 See Baldwin, "The Growth Effects of 1992," and Baldwin, "Measurable Dynamic Gains from Trade." 
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Figure 4 
Output Output 

GDP**·········---~ 
Y'Y' 

GDP'"'" ··············· Y'Y' DD DD 

S'S' 
GDP* S'S' GDP* 

:.--;- SS 

K* K*• Capital 
K* K** Capital 

(a) no scale economies (b) scale eeonomies 

economy has adjusted to the new steady state, economic growth comes to a halt. 

The medium-term growth bonus occurs whether returns to scale are constant or increasing. If 
there are increasing returns to scale, the marginal productivity of capital is higher at each level of the 
capital stock, holding labor's share of output constant.78 Therefore, static efficiency gains lead to a 
larger medium-term growth bonus if there are increasing returns to scale. This is shown in Figures 4(a) 
and 4(b), which depict the medium-term growth bonus under constant and increasing returns to scale, 
respectively. 

Baldwin shows that the medium-term growth bonus can be quite substantial as compared with the 
usual static gains from economic integration. He interprets the estimated gains from the Cecchini Report 
as static gains; these range from 2.5 to 6.5 percent of GDP. Under the assumption of constant returns 
to scale, he obtains a range of estimates of the elasticity of output with respect to changes in the capital 
stock from the econometric literature for Belgium, France, Germany, Netherlands, and the United 
Kingdom: 

Low estimate: 
High estimate: 

Belgium 

0.276 
0.576 

France 

0.23 
0.444 

Germany 

0.263 
0.564 

78 Let the aggregate production function be defined as follows: 
y = j Ka+b L'"" 

Neth. 

0.26 
0.446 

UK 

0.195 
0.483 

where Y is aggregate output,j is an efficiency parameter, K is the capital stock, Lis labor, 1-a is labor's share of 
output, and b is a measure of aggregate scale economies. 

Then the marginal product of capital is given by the following equation: 
oY!oK = (a+b)Y/K 

and the derivative of the marginal product of caj>ital, taken with respect to changes in capital, is as follows: 
o2Yfol(l = (a+b-l)(a+b)Y/l(Z 

Under constant returns to scale, b=O; under increasing returns b > 0. Therefore, the marginal product 
of capital is higher under increasing returns than under constant returns. If 0 < 1-a < 1 then a+ b < 1 under 
constant returns. If b is small enough under increasing returns so that a+ b < 1, then the marginal product of 
capital is declining in K. 
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Based on this information, he computes a range for the medium-term bonus as a percent of the static 
efficiency gains: 79 

Low estimate: 
. High estimate: 

Belgium 

38 
136 

France 

30 
80 

Germany 

36 
129 

Neth. 

35 
81 

UK 

24 
93 

Baldwin concludes that the Cecchini Report's estimates of the economic benefits of 1992 are at least 30 
percent too low. He then .calculates the indirect percentage increases in GDP due to induced capital 
accumulation: 00 

Low estimate: 
High estimate: 

Belgium 

1-2.5 
3.4-8.8 

France 

0.8-2 
2-5.2 

Germany 

0.9-2.3 
3.2-8.4 

Neth. 

0.9-2.3 
2-5.2 

UK 

0.6-1.6 
2.3-6.1 

His conclusion is that induced capital accumulation will at a minimum boost UK GDP by 0.6 percent and 
·at a maximum will boost GDP in Belgium and Germany by over 8 percent. These induced output effects 
are added to static gains of 2.5-6.5 percent to obtain estimated total effects of 1992 on GDP: 

Low estimate: 
High estimate: 

Belgium 

3.5-9 
5.9-15.3 

France 

3.3-8.5 
4.5-11.7 

Germany 

3.4-8.8 
5.7-14.9 

Neth. 

3.4-8.8 
4.5-11.7 

UK 

3.1-8.1 
4.8-12.6 

Baldwin employs two other models to compute growth effects of 1992 in his 1989 paper. First, 
he calibrates the 1987 model developed by Romer discussed above.81 For this model, the steady-state 
rate of output growth is equal to the savings rate times the steady-state output-capital ratio, minus the rate 
of depreciation. Static gains increase the output-capital ratio by 2.5 to 6.5 percent and, based on a 
savings rate of 10 percent, this leads to an increase in the growth rate of one-quarter to three-quarters 
of a percentage point. This represents a growth effect rather than a level effect because there are dynamic 
increasing returns to capital accumulation, as discussed above in connection with the 1987 Romer model. 

79 The medium-term growth bonus as a percent of the static efficiency gains is given by the following equation: 
lOO[(Y**/Y) - 1]/[(Y*/Y) - 1] - 100 = 100 (a+b)/[1 - (a+b)] 

For example, the low estimate for Belgium's output capital elasticity of 0.276. The above formula implies that the 
medium-term growth bonus as a percent of the static efficiency gains is as follows: 

100 [0.276/(1 - 0.276)] = 38 percent 

80 The induced percenta~e increase in GDP due to capital accumulation is computed as follows: 
100 {[1/(a+b)] - 1r1 CG* - j)/j] 

where 100 [G* - j)/j] is the percentage increase in efficiency due to static gains. 
For example, the range of low estimates of the induced percentage increase in Belgian GDP is computed 

as follows: 
· 100 [(110.276) - 1]-1 (0.025) = 1 percent 
and 

100 [(1/0.276) - 1]-1 (0.065) = 2.5 percent 
This range is based upon the range of static gains from the Cecchini Report. 

81 The first model used by Baldwin and discussed above is modified by assuming that a+b = 1. 
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He also calibrates a simple endogenous growth model based on a paper by Krugman. 82 This 
model features investment in R&D to lower the cost of producing existing product designs (process 
innovation as opposed to product innovation). On this basis, 1992 would add between about 0.3 to 0.8 
percentage points to the permanent growth rate. Neither of these latter two models are carried through 
into Baldwin's 1992 paper, which contains calculations of the medium-term growth bonus that are 
identical to those contained in the 1989 paper and those described above. 

The North American Free Trade Agreement 

Kehoe83 emphasizes the dynamic gains froin trade liberalization that are beyond the scope of the 
static applied general equilibrium models currently used to analyze the North American Free Trade 
Agreement (NAFTA). As we have shown, dynamic gains from trade may increase the rate of economic 
growth. 

Capital flows 

Mexico's motivation to implement a NAFTA stems in part from the desire to incre_ase capital 
flows into Mexico. Some modelers have incorporated capital flows by assuming that Mexico's aggregate 
capital stock increases by a given percentage or, alternatively, to maintain the rate of return on capital 
that prevails in the absence of a NAFTA. 84 Young and Romero take the further step of mQdeling the. 
liberalization of Mexican tariffs on capital and intermediate inputs, as well as an exogenous r~uction in 
the Mexican real interest rate. 85 Capital flows are important because an increase in Mexico's capital-to­
labor ratio would lead to higher per capita output. 

Differences in capital-fabor ratios between Mexico and the United States cannot fully account for 
differences in per capita output levels, however. Based on purchasing power parity comparisons, 1988 
real GDP per capita was $14~581 in Mexico and $37,608 in the United States.86 During the 1988-90 
period, the real retUrn on bank equity in.Mexico averaged 28.2 percent per year, far less than the 86 
percent that would be expected, based on the simple calculations performed by Kehoe, if differences in 
capital-labor ratios alone accounted for per capita output differences. 

Although capital flows into Mexico are unlikely to equalize Mexican and U.S. per capita output, 
they are clearly very important. Simple calculatio~ by Kehoe show that capital flows sufficient to bring 

82 See P.R. Krugman, "Endogenous Innovations, futernational Trade and Growth," Working Paper presented 
at SUNY-Buffalo Conference on Development, 1988. 

83 See T.J. Kehoe, "Modeling the Dynamic Impact of North American Free Trade." 

84 For example, see C. Bachrach and L. Mizrahi, "The Economic Impact of a Free Trade Agreement between 
the United States and Mexico," in Economy-Wide Modeling of the Economic Implications of a FfA with Mexico 
and a NAFfA with Canada and Mexico, USITC Publication 2508, U.S. International Trade Commission, 
Washington, DC, May 1992, D.K. Brown, A. V. Deardorff, and R.M. Stem, "A North American Free Trade 
Agreement: Analytical Issues and a Computational Assessment," World Economy, vol. 15 (Jan. 1992), pp. 11-29, 
and H.E. Sobarzo, "A General Equilibrium Analysis of the Gains from Trade for the Mexican Economy of a North 
American Free Trade Agreement," in USITC Publication 2508. 

85 See L. Young and J. Romero, "Steady State and Transition in a Dynamic Dual Model of the North American 
Free Trade Agreement." 

86 Information on prices of comparable items in different countries is collected as part of the International 
Comparison Project (ICP), sponsored by the United Nations, World Bank, and the University of Pennsylvania. 
Relative prices from this survey are used to compare differences in the cost of purchasing a representative bundle 
of commodities across countries in the survey. International comparison of per-capital GDPs based on this survey 
are referred to as purchasing power parity.comparisons, since the differences m per-capita real GDP across countries 
obtained from the ICP survey reflect differences in the buying power of a person's income in different countries. 
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Mexico's net interest rate down from 28 percent to five percent (roughly the U.S. level) would increase 
Mexican per capita GDP to about $24,300. This would close about 42 percent of the current gap 
between Mexico and the United States. : 

Interindustry specialization 

As discussed above, learning-by-doing in production is one possible channel through which trade 
can lead to increased economic growth. A firm learns to produce a good more.cheaply with experience. 
If other firms benefit from this experience, the average cost of production for each firm will depend on 
cumulative output of the entire industry. As industry output increases, learning-by-doing results in 
continual productivity improvements and thereby provides a source of sustained economic growth. 

Growth for the economy as a whole is a weighted average of growth rates for individual 
industries, with weights given by industry output shares. Levels of experience in production, and hence 
productivity, differ among industries. To the extent that trade leads to specialization in industries with 
high rates of productivity, this can lead to increased economic growth for the economy as a whole. 
Kehoe develops a specialization index to capture the relationship between trade, interindustry 
specialization, and economic growth. This index is subsequently used in a regression to estimate the 
effects of free trade on Mexican economic growth, as discussed below. 

Intra-Industry trade 

Trade can also lead to growth by allowing a country to import specialized inputs. A country may 
produce specialized intermediates itself or import them. With no trade, there is a dynamic scale effect. 
Larger countries can produce a broader range of capital goods and thereby achieve higher rates of 
economic growth. By liberalizing trade, a country gains access to the accumulated experience of other 
countries in the production of specialized inputs. In this way,.trade may lead to increased growth. 

Based on these considerations, it is to be expected that countries with a greater volume of trade 
in intermediates would have higher rates of growth. The Grubel-Lloyd index is often used to measure 
the extent to which a country trades in specialized intermediate inputs. Kehoe uses this index, along with 
the aforementioned index of interindustry specialization, in a regression to estimate the growth effect of 
trade liberalization for Mexico, as discussed below. 

Free Trade and Mexican Growth 

To illustrate the importance of dynamic gains from trade liberalization for Mexico, Kehoe 
employs results from a regression of output growth per worker on the specialization and Grubel-Lloyd 
indexes and other variables using a cross-country data set. 87 He then makes rough assumptions 
regarding the effects of free trade on the specialization and Grubel-Lloyd indexes described above.88 

87 Regressions using a cross-country data set for a large number of countries over the 1970-85 period were 
reported in D.K. Backus, P.J. Kehoe, and T.J. Kehoe, "In Search of Scale Effects in Trade and Growth." 

88 Average specialization and Grubel-Lloyd indexes for 197()-85 are as follows: 

Canada 
Mexico 
United States 

Specialization 
Index: 

7.10 x 10·2 

5.93 x 104 

1.92 x 10"3 

Grubel-Lloyd 
Index: 

0.642 
0.323 
0.597 

It is assumed that free trade allows Mexico to increase its specialization index to 1.00 x 10-2 and its Grubel-Lloyd 
index to 0.600. · · 
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These assumeckhanges; w~en combined' with coefficient estimates from ·the regression, yield an estimated 
increase in the growth rate of Mexican manufacturing output per worker of 1.645 percent per year.89 

After 25 years, output per worker would be more than 50 percent higher than it would otherwise have 
been. These calculations are crude but illustrate that the dynamic gains Mexico may expect from free 
trade would dwarf the static gains. 

Conclusions 

While Kehoe's calculations of dynamic gains from trade liberalization for Mexico are rough, it 
is clear that even a modest increase in the growth rate ·wm accumulate into large changes in per capita 
output over extended periods. This insight does not depend greatly on how the growth rate increase is 
calculated. 

. There is nothing in these calculations fo tie the dynamic gains specifically to the removal of 
Mexican trade barriers or to.the enactment of the JllAFTA. It is simply assumed that trade liberalization 
takes the form of increased specialization and intra-industry trade indexes. Thus, there is no model that 
links changes in tariffs or other barriers to dynamic gains from trade. This type of linkage would require 
a dynamic applied general equilibrium model of Mexico that incorporates endogenous growth, a task that 
lies in the future.9() · 

89 Estimated regression coefficients on the specialization index and the Grubel-Lloyd index were 0.359 and 
1.018, respectively. The increase in Mexican output growth per worker is estimated as follows: 

0.359 ln(l.00 x 10·2; 5.93 x 104) + 1.018 ln(0.600/0.323) = 1.645 

90 For a first attempt to construct such a model, see R.K. McCleery; "An Intertemporal, Linked, 
Macroeconomic CGE Model of the United States and Mexico Focusing on Demographic Change and Factor Flows," 
in USITC Publication 2508. 

The specification of dynamic gains ·is based on K.J. Arrow, "The Economic Implications of Leaming by 
Doing," Review of Economic Studies, vol. 29 (June 1962), pp. 155-73. The rate of learning by doing is a5sumed 
to be a function of the level of aggregate investment. Unfortunately, this specification precludes a variety effects 
of trade on the growth rate that have been emphasized by Kehoe, Lucas, Stokey, Young, and others. 
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,',: 

THE UNITED ST A TES TRADE REPRESENTATIVE 
Executive Office.of the President 

Washington, D.C. 20506 
' . ~ . ·-... 

... -.·~· . 

OFc·o . RE¢£1vE , U.s. /'iT·/]HE s o~ - . 
The lfo~alfte:>nonald 
c~rman 
U.~. ~~national Trade C~ission 
soo· E streei/ :~w. >z APR 1 
W h .. t 5 A.IT .·7 7 as ing on, D. . 20436 

Dear Mr. Chairman, 

.DOCK T 
IUMBEJl 

lbiS 
... .. ...................................... .. 

The A1ministration, Congre~s and the J\m~rican public will be in a 
position of having to make judgements about the value to the 
United States of various trade liberalizing agreements -- in the 
near term with respect to the Uruguay Round and NAFTA and later 
with respect to other agreements. I believe such judgements 
should be made in as informed a manner as possible. In this 
regard, the NAFTA symposium recently held by the Commission and 
the Commission's forthcoming publication of the symposium 
proceedings are important contributions to our understanding of 
the economic effects of free trade in North America. 

I believe, however, that the process of formal, quantitative 
economic assessment can and should be taken a step further. Most 
of the studies presented at the symposium employed a so-called 
"comparative static" framework of analysis. One common theme 
throughout the NAFTA symposium was recognition by the 
participants of the need to complement analysis done in the 
comparative static framework, with analyses attempting to capture 
better the "dynamic" effects of trade liberalization. 

Recent innovations in economic theory and applied economic policy 
modeling place emphasis on such dynamic effects of economic 
policy changes. These relate to the effects of policy changes 
upon rates of technical change and innovation, ongoing 
specialization of production, and other dynamic effects. It was 
made apparent at the NAFTA symposium that such dynamic changes 
may be at least as important, and possibly much more important, 
than the initial effects measured in a comparative static 
framework. The issue of dynamic effects is, of course, not just 
limited to a NAFTA but is germane to any major trade agreement 
presented for Congressional and public consideration. 

To assist in understanding the implications of these developments 
in economic theory, under authority delegated by the Pr~sident 
and pursuant to Section 332(g) of the Tariff Act of 193b, I 
request that the Commission institute an investigation to survey 
this body of economic research and provide a summary of the 
existing literature, both theoretical work completed and in 
progress, as well as empirical applications completed or in 
progress. In addition to a su~ary of this literature, the 



Commission should also provide a general assessment of the 
insights the body of .literature.Pr?vide~ ~egarding the dynamic 
gains from trade. 

Please inform my off ice when the Commission will be able to 
complete this report, which we would appreciate receiving at the 
earliest practicable date. 

In view, of t,he outstanding instruction to the Commissi.on on the 
security .classification of reports prepared by the Coriunis'sion at 
the request of the U.S. Trade Representative, I request.th~t all 
reports on this investigation be made available to .the puBlic at 
the same time they are submitted to my office. 

The Commission's assistance in this matter is greatly 
appreciated. 

Carla A. Hills 
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AGENCY: 

ACTION: 

UNITED STATES INTERNATIONAL TRADE COMMISSION 
Washington, D.C. 20436 

Investigation No. 332-324 

The Dynamic Effects of Trade Liberalization: A Survey 

United States International Trade Commission 

Institution of investigation 

SUMMARY: Following receipt on April 15, 1992 of a request from the U.S. Trade 
Representative (USTR), the Commission instituted investigation No. 332-324, 
The Dynamic Effects of Trade Liberalization: A Survey, under section 332(g) of 
the Tariff Act of 1930 (19 U.S.C. 1332(g)). As requested, the investigation 
will survey theoretical and empirical literature on these effects and in its 
report the Commission will provide a summary thereof and will seek to provide 
a general assessment of the insights the body of literature provides regarding 
the dynamic gains from trade. 

EFFECTIVE DATE: May 7, 1992 

Written Submissions: Interested persons are invited to submit, on or before 
August 21, 1992, written statements concerning the matters to be addressed in 
the report. Commercial or financial information that a party desires the 
Commission to treat as confidential must be submitted on separate sheets of 
paper, each clearly marked "Confidential Business Information" at the top. 
(Generally, submission of separate confidential and public versions of the 
submission would be appropriate.) All submissions requesting confidential 
treatment must conform with the requirements of § 201.6 of the Commission's 
Rules of Practice and Procedure (19 CFR 201.6). All written submissions, 
except for confidential business information, will be made available in the 
Office of the Secretary to the Commission for inspection by interested 
persons. 

FOR FURTHER INFORMATION CONTACT: Joseph Francois or Clinton Shiells 
(202-205-3223), Office of Economics, U.S. International Trade Commission. 

Hearing impaired persons are advised that information on this investigation 
can be obtained by contacting the Commission's TDD terminal on 202-205-1810. 

By order of the Commission . 

..?~~ 
Kenneth R. Mason 
Secretary 

Issued: May 15, 1992 
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